Introduction
The measurement of neutron multiplication is based on the statistical analysis of the timing of neutrons emitted from an assembly containing fissionable materials. The cause-effect relationship of neutrons emitted in a chain of fission events results in a correlation of neutrons which can be determined through a statistical analysis.
Fission chains are sustained longer and the degree of neutron correlation increases as the system approaches criticality. Fissionable material species and quantity, presence of moderator and reflector materials, and the geometric parameters of the system all influence system multiplication. Thus, it is appropriate to view multiplication as a system performance or figure of merit for sustaining a neutron population.
Knowledge of the criticality status or multiplication of a system is important from a safety standpoint as well as for experimental verification of calculations. Our Fig. 1 . A brief description of the important components will be made in the approximate order of data flow through the instrument.
The detectors consist of 16 helium-3 filled tubes of approximately 2-in. diam and 36-in. length in two banks of 8 backed by polyethylene. Each of the 16 tubes has its own preamplifier-discriminator and amplifier mounted right on the tube assembly. The 16 independent detector channels provide improved signalto-noise ratio over the large capacitance parallel combination. Deadtime is considerably reduced because all the other detectors are active while a particular one is registering a neutron event. Finally, the 16 channels are not detector specific, that is, some of the channels can be replaced with gamma detectors for investigating gamma-gamma and gamma-neutron coincidences.
The input circuitry is provided with optical coupling between the preamplifier module and the formatter card to ensure proper matching and reduce noise pickup. A synchronizing circuit on each input line allows random input signals to be synchronized with the next l-ps clock pulse from the system clock.
The formatter card performs the function of taking the logic signals from the amplifiers and processing them so they are available to a direct memory access (DMA) card in the LSI-11/23 microcomputer. This card has the following multiple functions: The random input of the data stream requires that events spaced close together be temporarily stored in a buffer until the computer is ready to accept the data in memory. The FIFO device performs this function with a temporary storage capacity of 32 events.
The flow of information is from pre-amp/discriminator/driver via optical coupling to one of 16 pulseto-system-clock synchronizers. The time resolution of the system is determined by the 1-ps clock. One or more pulses occurring during each clock time are latched into a 16-bit register with each bit assigned to a particular detector. n = mean fission rate in the fuel when the TF neutron population in the assembly is n. n = mean neutron detection rate when the TD neutron population in the assembly is n.
We define l/T by the followinq expression: (TD/T )(TF F/) (2) Equation (2) Fig. 2 .
The acrylic resin moderator shells with varying wall thickness fit within the smallest set of uranium shells. The inner void is filled with foam with a hole to locate a neutron source at the center of the assembly. Acrylic resin reflectors fit snugly around the largest uranium shell to provide 2, 5, and 10 cm of reflector. Ten centimeters of acrylic resin provide nearly equivalent infinite reflector for this assembly.
The maximum apparent neutron multiplication (based on neutrons leaking from the system) of the assembly is just over 10. The apparent multiplication, experimentally determined by count rate measurements for the bare and reflected case is shown in Fig. 3 . The effective multiplication constant of the assembly in its optimum configuration (with full moderation and reflection) is calculated to be 0.95.
Experimental Results
The assembly described in the previous section with full moderation and reflection was used for our measurements. We first measured apparent multiplication using the count rate ratio method with a nominal 104 n/s PuBe neutron source. The nonmultiplying case had four depleted uranium shells. Each of the depleted uranium shells was replaced with enriched uranium, starting with the inner shell and working outward. The variance to mean ratios obtained are tabulated in Table 1 for a 400-ps sampling interval, along with apparent multiplication from the count rate ratio method. 
